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Abstract

ThePM project is introduced. Its goal is the design of a distributed object-oriented op-
erating system. One of the research activities is the design of an object model for distributed
object-oriented programming. This position papers presenBMh®bject Modebpproach
to distribution, concurrency control and object interaction. The system consists of an appli-
cation system, a distribution system, and a coordination system which handle orthogonal
parts of the object model. TiRM System Architectur@nd future work are introduced.

1 Introduction

PM is a project for designing a distributed object-oriented operating systée basic entities to be sup-
ported by the operating system are objects. The operating system itself is constructed in an object-oriented
way. The major goal of the system design is the adaptability to various classes of general purpose tasks —
very special tasks are excepted e.g. numerical computafivhaill not be completely implemented, but
there will be partial implementations as simulators etc. which will allow a validation of the concepts.

ThePM project is divided into two major partSystem ArchitecturendObject Model TheSystem Archi-
tecturedeals with the design of components of an operating system which supports a distributed object
model. Besides, the components are designed object-oriented udthg @gect ModelTheObject Mod-

el deals with the design of a distributed object-oriented language. This language contains typical operating
system features as distribution, concurrency, and protection.

This position paper describes t@&ject Modelpart of the project. The linguistic support for distribution
related aspects is discussed and the results as well as needed future work are presented.

2 Object Model

The major goal oPM is the design of an adaptable operating system. To support this goal we defined two
design criterions:

Uniformity

The object model should be uniform. There should not be two, or even more, different kinds of objects with
different semantics as seen in several object-oriented systemg&+e:. EIIStro0], Argus[Liskov85],
Clouds—-Distributed EiffelGunLeB91].

Orthogonality
Orthogonal features of the object model should be described independently. This criterion allows a maxi-
mum of reusability because all features can be adapted without affecting others.
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The object model consist of an application system which defines application objects, of a distribution sys-
tem which defines the configuration of the application and its distribution, and of a coordination system
which defines the coordination of application objects.

2.1 Application System

The basis of th®M object model is similar tEmerald[Hutchi87]. Objects are the smallest entities for dis-
tribution. Nearly everything is an object. There is only one kind of objects|megervalues are first class

objects. Objects contain references to other objects. References are bound to named variables which are part
of an object. Methods are named components of objects. A method can be invoked when another invocation
has access to a reference to the object which contains the method.

Method invocations can tsynchronougthe caller waits for the result of the invocationpeynchronous

(the caller can go on with its computation and can claim the results later). Asynchronous invocations are
attached tdandles Handles support a blocking and a non-blocking wait operation as well as direct and
blocking access to the results of the invocation. Up to now, there is no possibility of using multicasts or dif-
ferent protocols of interactions by application programmers, but the handles are similar to meta-objects and
could be an entity to place user defined protocols in the future.

Inheritance is modelled as a special aggregation relation which can be typed and dynamically bound like
normal object references [Hauck93]. This allows the distribution of an object of a subclass on the boundary
between sub- and superclass.

2.2 Distribution System

In contrast t&Emerald[Hutchi87] distribution is described in a separate distribution language. Thus, distri-
bution can be changed without affecting the application program. Distribution is inferred by relations be-
tween objects. Possible relations are catigtbcated(objects should be placed on the same naliglp-
cated(objects should be placed on different nodes) umsgpecifiedA separate system callBidstribution
Systentontrols these relations. It allows the definition of initial relations between the application objects.
The dynamic behavior of distribution is describeadbgperatios. Cooperationsare part of the distribution

system. They are instantiated and deleted by events. Possible events are begin and end of invocation, cre-
ation of objects etc. [Faustle93].0doperationchanges a defined set of relations between certain objects
dynamically during its lifetime. Thus, migration of objects can be controlledbyerations

A second set of relations is used to describe the protection domains of @pdotatedobjects are placed
in the same virtual address spatis|ocatedobjects have to have their own address space. The protection
domains are orthogonal to distribution.

2.3 Coordination System

As well as distribution, concurrency control is separated from application programming as much as possi-
ble. ACoordination Systerdefines the concurrency control inside of the application objects. Coordination
objects of theCoordination Systerare attached to application objects and control the internal activities of
the attached objectsdoperative coordinationl} is possible to attach one coordination object to several ap-
plication objects [Pruy92]. Coordination objects may interact with each other to control a set of objects in
defined way.

3 System Architecture

The implementation of the operating system is done by objects modelled as paRMf 8ystem Archi-
tecture These objects form a meta-system to the distributed application system supported by the operating
system. The meta-system is structured in meta-levels or meta-spaces similaAfeertios approach



(founded with the namBlusg [YTMFT91]. The object and memory management of the meta-system is
roughly designed in [Kleindd93], other parts will follow.

4 Future Work

Future work will deal with replication, persistence and transactions. Replication is considered as an impor-
tant feature for fault tolerance in distributed systems. FdPihebject model we like to integrate replica-

tion as an linguistic feature with full transparency of communication protocols and partial transparency for
consistency between the replicas.

Transactions are a possibility to get both persistence and coordination. The coordination by transactions is
not suitable for operating system applications. Future work will be on getting objects persistent and recov-
erable without the restrictive concurrency control of transaction systems.

Runnable implementations are planned as part of a validation @hjeet Modelconcepts. These imple-
mentations will only model a part of the system and will be simulators of the concepts.
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